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@ Implantable mesh prosthesis for muscle or tissue wall repairs. 



(57) An implantable prosthesis including a conical 
mesh plug having a pleated surface which con- 
forms to the contours of the defect being re- 
paired. Mesh filler material positioned in the 
plug stiffens the implant when it is compressed 
within the defect. 
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FIELD OF INVENTION 

The present invention relates to an implantable 
mesh prosthesis and to a method for repairing muscle 
or tissue wall defects. s 

BACKGROUND OF THE INVENTION 

Various prosthetic mesh materials have been 
proposed to reinforce the abdominal wall and to close io 
abdominal wall defects. It has been known to fold a 
sheet of surgical mesh fabric into the multilayer cone 
configuration 1 illustrated in Fig. 1 and then to insert 
the mesh plug into a hernia defect to occlude the void. 
Such a multilayer prosthesis is inherently stiff and is 
may not fully conform to variations in the contour of 
the defect, leaving gaps between the implant and the 
abdominal wall that could potentially lead to recurrent 
herniation. The stiff, multilayered mesh plug also 
may be susceptible to kinking and buckling during 20 
placement. 

Other conical mesh plugs have been proposed in- 
cluding a dart which is commercially available from 
C.R. Bard. Inc., assignee of the present application, 
under the name "Marlex Mesh Dart". This mesh im- 25 
plant is hot molded into a stiff conical configuration 
which is non-compressible and which does not con- 
form to irregularities In the muscle or tissue wall de- 
fining the defect. 

Accordingly, the prior art lacks an implantable 30 
mesh plug for filling and repairing muscle and tissue 
wall ruptures which is adaptable to irregularities in the 
shape of the defect. 

SUMMARY OF THE INVENTION 35 

The present invention Is an implantable prosthe- 
sis and a method for reinforcing and repairing a weak- 
ened muscular wall. The prosthesis is formed of a bio- 
logically compatible, flexible and porous surgical 40 
mesh fabric suitable for reinforcing tissue and occlud- 
ing tissue defects. The openings in the mesh prosthe- 
sis become completely infiltrated with tissue in- 
growth, securing the Implant to healthy tissue sur- 
rounding the defect. The Implantable prosthesis is 45 
particularly indicated for the repair of hernias in the 
abdominal cavity including Inguinal (direct and indir- 
ect), femoral, incisional and recurrent. 

The implantable mesh plug is compressible into 
a slender shape which fits within a hernia opening, 50 
filling all. or at least a significant portion, of the defect. 
The implant includes a pleated surface which increas- 
es the pliability of the implant, allowing the prosthesis 
to conform to irregularities in the tissue or muscle wall 
surrounding the opening. Afillerbody contained with- 55 
in the plug imparts bulk to the device, improving its 
handling characteristics. The filler also stiffens the 
implant when it is conjpressed within the rupture, en- 



suring a snug fit of the implant against the tissue or 
wall structure defining the defect. Portions of the filler 
material are easily removed allowing the surgeon to 
customize the stiffness of the implant during the op- 
eration without damaging the integrity of the prosthe- 
sis. 

In one embodiment of the invention, the implant- 
able prosthesis includes a conical plug formed of a 
knitted polypropylene monofilament mesh fabric. 
Longitudinally running pleats are hot molded into the 
mesh body which enhances the flexibility of the im- 
plant, allowing the implant to closely match the con- 
tour of the herniated opening when compressed with- 
in the defect. 

In another embodiment of the invention, a filler 
body is positioned in a mesh cone and packs the im- 
plant when the plug is compressed by placement in 
the narrow hernia opening, providing the bulkiness 
believed to be essential for non-recurrentrepair of ab- 
dominal wall hernias. The filler body includes a plur- 
ality of petals formed from a surgical mesh fabric 
which extend upwardly from a central base that is 
seated in the closed end of the cone. The flexible pe- 
tals curve outwardly and upwardly, pressing against 
the inner walls of the mesh plug when the implant is 
positioned within the narrow hernia defect 

It is among the general objects of the Invention to 
provide a prosthesis which is suitable for the repair of 
abdominal wall hernias. 

It Is another object of the Invention to provide a 
prosthesis which reduces the incidence of recurrent 
herniation. 

An additional object of the invention is to provide 
a prosthesis which is suitable for the repair of varying 
sizes and shapes of hernias. 

Other objects and features of the present inven- 
tion will become apparent from the following detailed 
description when taken in connection with the accom- 
panying drawings which disclose multiple embodi- 
ments of the Invention. It is to be understood that the 
drawings are designed for the purpose of illustration 
only and are not intended as a definition of the limits 
of the invention. 

DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantages 
of the invention will be appreciated more fully from 
the following drawings in which: 

Fig. 1 is an Illustration of a prior art conical mesh 
implant for repairing inguinal hernias; 
Fig. 2 is an exploded illustration of the implant- 
able mesh prosthesis according to the present in- 
vention; 

Fig. 3 is an illustration of the implantable mesh 
prosthesis shown in Fig. 2; and 
Fig. 4 is an illustration of the implantable prosthe- 
sis according to the present invention positioned 
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within an irregular shaped hernia defect and 
dosely confonming to the contours of the rupture. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 5 

The implantable prosthesis 10 for repairing tissue 
and muscle wall defects illustrated in Figs. 2-3 in- 
cludes a conical plug 12 which is compressible into a 
slender configuration which approximates the shape io 
of the defect and a pair of inner filler bodies 14 and 
16 which impart bulk and stiffen the implant when it 
Is confined within the narrow hernia opening. The 
surface of the conical plug is pleated 18 which en- 
hances the flexibility and pliability of the implant, al- is 
lowing the device to conform to irregularities in the 
shape of the hernia without kinking. The tight and con- 
tiguous fit minimizes the formation of gaps between 
the implant and the surrounding tissue which could 
potentially lead to recurrent herniation. The conical 20 
plug is expected to minimize dissection as compared 
to classic herniorrhaphy and to permit use of a ten- 
sion-free repair (e.g., without requiring the approxi- 
mation of unapposed tissues as in the traditional 
Cooper ligament technique). Procedures involving 25 
the conical mesh plug also are expected to result in 
reduced patient discomfort, faster recovery, de- 
creased recurrence and a lower inddence of compli- 
cations. 

The plug preferably is formed by hot molding a 30 
single circular sheet of surgical mesh fabric into a 
cone. Other plug configurations, such as a truncated 
cone or a cylinder, also are contenniptated for use in 
the present invention. The plug has a blunt closed end 
20 which minimizes injury to the surgical area when 35 
the prosthesis is implanted. The central portion of the 
plug is hollow and defines a cavity 22 which may be 
provided with filler material which increases the bulk 
and stiffness of the plug when compressed within the 
implant. 4^ 

Pleats 18 are hot molded into the mesh body and 
are carried on both the inner and outer surfaces of the 
prosthesis. The pleats enhance the flexibility and pli- 
ability of the plug, allowing the cone to conform to va- 
rious irregularities in the contour of the defect The 45 
pleats 18 illustrated in Figs. 2-3 are formed by alter- 
nating rounded peaks 24 and pointed valleys 26, sim- 
ilar in appearance to a corrugated surface, which ta- 
per inwardly towards the closed end of the plug. Other 
pleat configurations also may be used so long as the so 
selected pleat allows the plug to closely conform to an 
irregular defect contour. The pleats preferably are 
provided about the entire surface of the plug so that 
any portion of the cone has the ability to confomi to 
a localized irregularity in the tissue or muscle struc- 55 
ture defining the defect Alternatively, the pleats may 
be provided on only that limited portion of the plug 
which is likely to encounter the irregular topography 



or which will require enhanced flexibility. 

The conical plug may be provided with one or 
more mesh filler bodies 14.16 which stiffen and pack 
the implant when it is compressed within the defect, 
compensating for the decrease in rigidity exhibited by 
the single plug as opposed to the prior art multilayer 
cones. The inner filler bodies consist of a plurality of 
mesh petals which extend upwardly from the closed 
end 20 of the plug into the hollow cavity. The petals 
28 may be rounded, as illustrated, or may have an 
elongated thin configuration similar to a ribbon or 
strip of mesh. Other configurations of mesh filler 
also-are contemplated. 

In one embodiment, the mesh filler bodies 14, 16 
are formed from circular sheets of surgical mesh fab- 
ric which have been die cut to provide a central base 
30 and a plurality of laterally spaced petals 28 as il- 
lustrated in Fig. 2. The petals 28 may be pinched to- 
gether to form a thin insert, facilitating placement in 
the plug. The components may be joined together by 
suturing the superposed bases to the rounded tip of 
the plug. Other means of attachment may be utilized, 
for example by bonding or stapling the mesh pieces 
together. In this arrangement, the flexible petals pre- 
ferably spread outwardly against the inner surface of 
the conical plug, packing and stiffening the implant 
when it is compressed. 

The first and second filler bodies 14. 16 are off- 
set, preferably by 45° as shown in Fig. 2. ensuring that 
the filler petals 28 provide relatively uniform packing 
along the inner surface of the conical plug. Using the 
internal filler bodies to impart rigidity to the implant, 
rather than stiffening the conical plug itself, reduces 
the likelihood that the prosthesis will kink or buckle 
when fitted in an irregular opening. Providing filler in 
the center of the implant also eliminates regions of 
dead or open space which may weaken the prosthetic 
repair. Although two inner filler bodies are illustrated, 
additional filler bodies may be provided for applica- 
tions requiring increased stiffness and bulkiness of 
the implant. In those situations \yhere only limited 
packing is required, one filler body may suffice. 

The conical plug 12 and inner filler bodies 14, 16 
are formed of a tissue inf iltratable fabric which allows 
sufficient tissue ingrowth to secure the prosthesis to 
healthy tissue surrounding the defect site. The fabric 
preferably is a knitted polypropylene monofilament 
mesh fabric such as Marlex® mesh available from 
C.R. Bard, Inc. When implanted, the polypropylene 
mesh stimulates an inflammatory reaction which pro- 
motes rapid tissue ingrowth into and around the mesh 
structure. Alternatively, other surgical materials 
which are suitable for tissue reinforcement and defect 
closure may be utilized including Prolene®, Da- 
cron<8). Teflon® and Merselene®. It also is contem- 
plated that the mesh fabric may be formed from mul- 
tifilament yarns and that woven, nnolded and other 
recognized methods of forming prosthetic mesh ma- 
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terials would be suitable. Other tissue wall reinforce- 
ment materials also may be used as would be appa- 
rent to those of skill in the art 

In a representative procedure, the conical plug is 
formed by hot molding a circular sheet of Marlex® 5 
knitted polypropylene monofilament mesh fabric into 
a cone configuration. The cone is then placed in a fix- 
ture having fins which project into the mesh fabric 
forming rounded pleats. The implant is baked and 
then allowed to cool, resulting in a hot molded plug io 
with the desired pleated surface. The inner filler bod- 
ies are formed by die cutting two circular sheets of 
Marlex® into a cloverleaf arrangement with a central 
base and four spaced, laterally extending petals. The 
sheets are superposed, offset 45**. and then inserted is 
into the cone so that the base seats against the 
closed end of the plug and the petals curve outwardly 
and upwardly in the direction of the open end of the 
plug. The plug may be subject to a final heat treat- 
ment to set the cone and filler bodies in the desired 20 
configuration. The resulting implant includes a hot 
molded conical plug with a pleated surface which con- 
forms to the varying contour of a defect and a pair of 
filler bodies which stiffen the prosthesis when it is 
compressed in the narrow defect. 25 

The close fit of the implantable prosthesis 10 in 
an irregular opening 40 Is illustrated in Fig. 4. The 
pleated conical plug is extremely pliable, allowing lo- 
calized portions of the implant to adapt to the Irregular 
contour 40 of the defect. The surface of the implanted 30 
conical plug is substantially flush with the tissue sur- 
rounding the defect, providing a contiguous and tight 
fit which is believed to improve the likelihood of a per- 
manent, non-recurrent repair. 

In a representative inguinal repair, the hernia re- 35 
gion is reached by an anterior surgical approach. For 
Indirect hernias, the lipoma of the cord and the sac 
are dissected free. The implant, preferably formed of 
a knitted polypropylene monofilament fabric, is in- 
serted through the internal ring, blunt end first, and 40 
positioned just beneath the crura. For direct hernias, 
the defect Is circumscribed at its base and the con- 
tents fully reduced. The conical mesh plug is then in- 
serted through the opening until the base lies flush 
with or slightly beyond the margin of the defect The 4S 
compressed Implant conforms to the defect shape, 
providing a snug fit of the plug within the abdominal 
wall defect. 

The stiffness of the compressed plug may be ad- 
justed by snipping off Individual leaves of the Inner 50 
filler body if the surgeon determines that the implant 
otherwise will become too tightly packed. Depending 
upon the type of hernia being repaired and the prac- 
tice of the surgeon, the conical plug and, or alterna- 
tively, Individual leaves of the filler body, may be su- 55 
tured to surrounding tissue. Each of the petals may be 
sutured or otherwise joined to neighboring tissue af- 
ter Implantation without drawing the entire filler body 



towards the suture site, reducing the likelihood of 
overpacking a portion of the plug which potentially 
could lead to recurrent herniation. A separate flat 
mesh overlay may be placed over the base of the con- 
ical implant to reinforce the internal ring and the ingui- 
nal canal. The overlay is shaped to match the config- 
uration of the inguinal canal. A slit is spreadable to al- 
low positioning of the spermatic cord in the centered 
hole. The slit section is then sutured together, prefer- 
ably using a nonabsorbable monofilament thread, 
providing a prosthetic reinforcement of the inguinal 
canal and the internal ring. Within a short period of 
time, fibroblastic proliferation and collagen formation 
will penetrate the mesh, securely anchoring the im- 
plant in place. 

In a representative embodiment, the implantable 
prosthesis includes a conical plug formed from Mar- 
lex® knitted monofilament polypropylene mesh fab- 
ric having a height of 1.0 Inch and a base diameter of 
1.0 inch. Pleats having a depth of 0.40 inches and a 
width of 0.068 inches are provided along the surface 
of the plug. The filler bodies are formed from 1 .8 inch 
diameter pieces of Marlex® mesh which have been 
die cut to provide the desired petal arrangement 

The present invention therefore provides a pros- 
thetic implant, amongst which are certain of the fol- 
lowing advantages. The mesh plug Is compressible 
into varying sizes and shapes, allowing a single stan- 
dardized plug, or at most a nominal range of sizes, to 
satisfactorily repair most commonly encountered her- 
nias. The pleated surface Is extremely pliable so that 
the plug conforms to localized variations in the tissue 
or muscle wall defining the defect. The stiffness and 
bulkiness believed to be important for a secure repair 
Is provided by the Inner filler bodies without detract- 
ing from the flexibility of the single layer plug. 

The composite of the present invention is partic- 
ularly indicated for repair of abdominal wall defects 
such as inguinal (direct and indirect), femoral. Inci- 
sional and recurrent hernias. It also Is contemplated 
that the implantable prosthesis would have applica- 
tions in laparoscopic procedures. 

The claims which follow identify embodiments of 
the Invention additional to those described In detail 
above. 



Claims 

1. An Implantable prosthesis for repairing a tissue or 
muscle wall defect, comprising: 

a flexible plug formed of a surgical mesh 
fabric and having a pleated surface which Is con- 
formable to irregularities In the tissue or muscle 
wall defining the defect, said flexible plug t>eing 
compressible from a first configuration which is 
larger than the defect to a second configuration 
which closely approximates the shape of the de- 
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2. 



3. 



6. 



feet so that said plug securely fits therein and oc- 
cludes the defect 

The implantable prosthesis recited in claim 1 
wherein said flexible plug includes a conical plug. 

The implantable prosthesis recited in claim 1 or 

2 wherein said pleated surface is provided along 
the entire surface of said plug. 

The implantable prosthesis recited in claim 1,2 or 

3 wherein said plug includes a closed rounded 
end, an open end and a cavity extending there- 
between, and further includes a plurality of filler 
material positioned within said cavity and which 
stiffens said implantable prosthesis when said 
plug is compressed Into said second configura- 
tion. 

An implantable prosthesis for repairing a tissue or 
muscle defect, comprising: 

a flexible plug formed of a surgical mesh 
fabric and being compressible from a first config- 
uration which is larger than the defect to a second 
configuration which closely approximates the 
shape of the defect so that said plug securely fits 
therein and occludes the defect, said plug having 
an open end and a cavity extending therefrom 
and further including a filler body which Is posi- 
tioned within said cavity and which stiffens said 
implantable prosthesis when said plug is com- 
pressed into said second configuration. 

The implantable prosthesis recited in claim 5 
wherein at least a portion of said flexible plug in- 
dudes a pleated surface which is conformable to 
in-egularities in the tissue or musde wall defining 
the defect. 



8. 



The implantable prosthesis recited in daim 5 or 
6 wherein said filler body is formed of a surgical 
mesh fabric. 

The implantable prosthesis recited in any one of 
the preceding claims wherein said filler body in- 
dudes a plurality of mesh petals. 

The implantable prosthesis recited in claim 8 
wherein said plurality of mesh petals spread out- 
wardly towards said plug when said plug is in said 
first configuration. 



10. The implantable prosthesis recited in daim 8 or 

9 wherein said plurality of mesh petals have a 
common base. 

1 1. The implantable prosthesis recited In daim 8. 9 or 

10 wherein said plurality of mesh petals lean 
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against said plug when said plug is in said first 
configuration. 

12. The implantable prosthesis recited in any one of 
the preceding claims with a filler body which in- 
cludes a plurality of upstanding mesh strips. 

13. The implantable prosthesis recited in claim 12 
with a flexible plug which includes a closed end 
and said plurality of upstanding mesh strips are 
attached to said dosed end and extend there- 
from into said cavity and towards said open end. 

14. An implantable prosthesis for repairing a tissue or 
muscle wall defect, comprising: 

a plug fonmed of a surgical mesh fabric 
which tapers outwardly from a dosed end to a 
larger open end and having a cavity which is de- 
fined therebetween, said tapered plug having a 
pleated surface which Is conformable to irregular- 
ities in the tissue or muscle wall defining the de- 
fect, said flexible plug being compressible from a 
first configuration which Is larger than the defect 
to a second configuration which approximates 
the shape of the defect so that said plug securely 
fits therein and occludes the defect; 

a first filler body formed of surgical mesh 
fabric and induding a common base and a plur- 
ality of petals extending upwardly from said base 
and being spaced laterally thereabout, said base 
being supported by said plug so that said plurality 
of petals project into said cavity, whereby said 
plurality of petals stiffen said implantable pros- 
thesis when said plug is compressed into said 
second configuration. 

15. The implantable prosthesis redted in daim 14 
wherein said petals curve outwardly from said 
base. 

16. The implantable prosthesis recited in daim 14 or 
1 5 wherein said common base is attached to said 
closed end of said plug. 

17. The Implantable prosthesis recited in claim 14, 15 
or 16 further comprising a second filler body 
formed of surgical mesh fabric and having a plur- 
ality of laterally spaced petals that extend up- 
wardly from a common base, said second filler 
body being positioned within said first filler body 
and being offset relative thereto, whereby said 
first and second filler bodies combine to stiffen 
said implantable prosthesis when said plug is 
compressed into said second configuration. 



18 



The implantable prosthesis redted in claim 17 
wherein said first and second filler bodies are off- 
set by approximately forty-five degrees relative 
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to one another. 

1 9. An implantable prosthesis for repairing a tissue or 
nnuscle wall defect, comprising: 

a conical plug formed of a surgical mesh 5 
fabric having a closed end, an open end and a 
cavity extending therebetween, said conical plug 
having a pleated surface which is conformable to 
irregularities in the tissue or muscle wall defining 
the defect said conical plug being compressible io 
from a first configuration which is larger than the 
defect into a second configuration which approx- 
imates the shape of the defect so that said plug 
securely fits therein and occludes the defect; 

a plurality of petals formed of a surgical is 
mesh fabric being positioned in said cavity and 
extending upwardly from said closed end of said 
plug, whereby said plurality of mesh petals stiffen 
said implantable prosthesis when said plug is 
compressed into said second configuration. 20 

20. An Implantable prosthesis for repairing a tissue or 
muscle wail defect, comprising: 

a plug formed of a surgical mesh fabric and 
being compressible from a first configuration 25 
which is larger than the defect into a second con- 
figuration which approximates the shape of the 
defect so that said plug securely fits therein and 
occludes the defect, wherein the surface of said 
plug further includes means for conforming to ir- 30 
regularities in the tissue or muscle wall defining 
the defect. 

21. An implantable prosthesis for repairing a tissue or 
muscle wall defect, comprising: 35 

a hollow plug fonmed of a surgical mesh 
fabric and being compressible from a first config- 
uration which is larger than the defect into a sec- 
ond configuration which approximates the shape 
of the defect so that said plug securely fits therein 40 
and occludes the defect, the surface of said plug 
being conformable to Irregularities in the tissue or 
muscle wall defining the defect. 

45 
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